METHOD AND SYSTEM FOR CONTROLLING AIR FLOW WITHIN A
VENTILATION SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention generally relates to a method and system for

controlling air flow within a ventilation system.

2. Description of the Related Art

In order to make certain an adequate flow of air is achieved throughout a
ventilation system, engineers calculate the blower output based upon airflow when
the filter is fully loaded with contaminants and is ready for replacement. At this
point in time, the required airflow is at its peak and use of the ventilation system
with a clean filter will result in airflow above and beyond that required in
accordance with the operating parameters of the ventilaton system. This,
however, results in a large waste of energy for the ventilation system during the
period of time between the start of the ventilation system with a clean filter and the

time at which the filter replaced due to being fully loaded with contaminants.



SUMMARY OF THE INVENTION

Aspects of the invention are defined in the independent claims. Some optional
teatures of the invention are defined in the dependent claims.

Thus, in one exemplary arrangement, there is provided a ventilation system
including an input side with a blower, an output side, a filter positioned between the
input side and the output side, and a control system linked to the blower for
controlling the output of the blower. The control system also includes a static
pressure adjustment system. The static pressure adjustment system includes an input
pressure sensor located adjacent the filter on the input side and an output pressure
sensor located adjacent the filter on the output side. The static pressure adjustment
system also includes a microprocessor linked to the input pressure sensor and the
output pressure sensor, the microprocessor receiving signals indicating the static
pressure on the input side and the output side. Based upon the static pressure on
the input side and output side, the static pressure adjustment system determines a
measured differential pressure and the pressure adjustment system continuously
sends a signal to increase the output of the blower as the measured pressure
differential increases.

The control system may include a graphical user interface.

The graphical user interface may include an input for an offset in the
measured differential pressure.

The graphical user interface may include an input for a measured differential
pressure of a clean filter.

The graphical user interface may include an input for turning the static
pressure adjustment system on or off.

The static pressure adjustment system may include an alarm.



An exemplary method provides for adjusting air flow from a blower in a
ventilation system to compensate for changes in static pressure across a filter. The
method includes determining a measured differential pressure between an input side
of a ventilation system and an output side of the ventilation system, wherein a filter
is positioned between the input side and the output side. The measured differential
pressure is continually measured as the filter fills with contaminants and the output
of the blower is continuously increased as the measured differential pressure
increases.

The ventilation system may include an inlet pressure sensor on the inlet side
and an outlet pressure sensor on the outlet side.

The step of determining the measured differential pressure may include
determining a measured differential pressure between the input side and the output
side with a clean filter therebetween.

The method may include a graphical user interface.

The method may further include, prior to the step of continually measuring
the differential pressure, measuring a pressure difference across the filter when the
blower is off and no air flow is passing through the ventilation system.

The method may further include the step of issuing an alarm when the
measured differential pressure reaches a predetermined level.

The predetermined level may be an indication that the filter needs to be
replaced.

Other objects and advantages of the present invention will become apparent

from the following detailed description when viewed in conjunction with the



accompanying drawings, which set forth certain exemplary embodiments of the

invention.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a ventilation system including the
present static pressure adjustment system.

Figure 2 is a graphical user interface employed in accordance with the static
pressure adjustment system.

Figure 3 is a graph comparing the required output of a blower when the
engineer designing and/or maintaining a ventlation system bases his/her
calculations for the change in static pressure across a filter upon the worst case
scenario of a dirty filter so as to ensure proper air flow through the ventilation system
and the actual required output of the blower when the engineer designing and/or
maintaining a ventilation system utilizes the present static pressure adjustment
system to control the output of the blower in real-time based upon the measured

conditions of the filter.



DESCRIPTION OF THE PREFERRED EMBODIMENT

The detailed embodiment of the present invention is disclosed hetrein. Tt
should be understood, however, that the disclosed embodiment is merely
exemplary of the invention, which may be embodied in various forms. Therefore,
the details disclosed herein are not to be interpreted as limiting, but merely as a
basis for teaching one skilled in the art how to make and/or use the invention.

Referring to Figures 1 to 3, a static pressure adjustment system 10 and a
method for adjusting air flow from a blower 12 in a ventilation system 100 to
compensate in real-time for changes in static pressute across a filter 14 due to
changes in the cleanliness and efficiency of the filter 14 is disclosed. The present
static pressure adjustment system 10 is adapted for utilization in conjunction with a
variety of ventilation systems 100. The sole requitement is that the ventilation
system 100 must be sufficiently sophisticated to allow for integration of the present
static pressure adjustment system 10 into the control system 16 of the ventlation
system 100. By employing the present static pressure adjustment system 10, it is
not necessary for an engineer designing and/or maintaining a ventilation system
100 to base his/her calculations for the change in static pressure across a filter
upon the worst case scenario of a dirty filter so as to ensure proper air flow
through the ventilation system 100. Rather, the real-time changes in static pressure
across a filter 14 are used in conjunction with real-ime calculated adjustments in
the output of the blower 12, or a plurality of blowers, to ensure that proper airflow
is maintained throughout the ventilation system 100. The ability to make real-time
calculated adjustments in the output of the blower 12, or a plurality of blowers,
results in significant savings as the blower(s) does not need to be run at a
continuously high level or maximum speed to ensure that a minimally high level of
air flow is maintained in the ventlation system 100.

With reference to Figure 3, a substantial savings in the energy required to

power the ventilation system 100 and therefore the cost of the energy to run the
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ventilation system 100 is achieved through implementation of the present static
pressure adjustment system 10. The upper hotizontal line U in the graph
represents the required output of the blower 12 when the engineer designing
and/or maintaining a ventilaton system 100 bases his/her calculations for the
change in static pressure across a filter 14 upon the worst case scenatio of a dirty
filter so as to ensure proper air flow through the ventilation system 100. In
contrast, the lower angled line L in the graph represents the actual required output
of the blower 12 when the engineer designing and/or maintaining a ventilation
system 100 utilizes the present static pressure adjustment system 10 to control the
output of the blower 12 in real-time based upon the measured conditions of the
filter 14. The area A between the upper hotizontal line U and the lower angled line
L represents the savings achieved in reduced enetgy consumption due to the need
to only power the blower to a level sufficient to produce a desired air flow based
upon the measured static pressute across the filter when the present static pressure
adjustment system 10 is utlized.

In accordance with the present static pressure adjustment system 10, the
ventilation system 100 includes an input side 102 on which the blower 12 is
positioned and an output side 104. The blower 12 is connected to the control
system 16 which continuously controls operation of the blower 12, that is, the
control system 16 continuously controls the output of the blower 12 such that the
ventilation system 100 provides an adequate ait flow for the building into which it
is integrated. As such, and considering control of the output of the blower 12 is
critical to implementation of the present static pressure adjustment system 10, the
control system 16 is considered to be part of the present static pressure adjustment
system 10. The control 16 includes a microprocessor 17 controlling operation
thereof, a graphical user interface 18, and an output control module 20. As the
control logic underlying the present static pressure adjustment system 10 is applied

via the control system 16, the control logic undetlying the static pressure
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adjustment system 10 may be integrated (that is, programmed) into the
microprocessor 17 of the control system 16 or control logic undetlying the static
pressure adjustment system 10 may be programmed into its own microprocessor
17a that is linked to the microprocessor 17 for coordinating control of the
operation of the ventilation syétem 100 in accordance with the present invention.

Between the blower/input side 102 of the ventilation system 100 and the
output side 104 of the ventilation system 100 is positioned the filter 14. As with
the ability to adapt the present static pressure adjustment system 10 for use in
conjunction with a variety of ventilation systems 100, the present static pressure
adjustment system 10 works in conjunction with various filter types and is in fact
independent of the filter type being used.

In addition to the computer logic integrated into either the microprocessor
17 or the static pressure adjustment system microprocessor 17a, the static pressure
adjustment system 10 includes pressutre sensors 22, 24 that are positioned on the
blower/input side 102 of the ventilation system 100 and the output side 104 of the
ventilation system 100. The input side sensor 22 and the output side sensor 24
measure the static pressure on their respective sides of the filter 14 and the
differential between the static pressure on the input side 102 and the static pressure
on the output side 104 is determined, that is, the measured pressure differential is
determined. The pressure sensors 22, 24 are electrically linked to the control
system 16, in particular, either the microprocessor 17 or the static pressure
adjustment system microprocessor 17a implementing the methodology required 1n
accordance with the claimed invention, for controlling air flow within the
ventilation system 100 in accordance with the implementation of the present
invention. In accordance with a preferred embodiment, the pressure sensors 22,
24 employ a 4-20 mA analog input as a signal for respectively indicating the static
pressure on the input side 102 of ventilation system 100 on one side of the filter 14

and the output side 104 of the filter 14 of the ventilation system 100 on the other
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side of the ventilation system 100. As will be explained below in greater detail, the
measured static pressures on the input side 102 and the output side 104 are used to
calculate the change in static pressure (that is, the measured differential pressure)
across the filter. Where a pressure difference across a filter 14 is calculated when
the blower 12 is off, an offset may be established to zero the pressure reading; that
is, where residual pressure differences exist in the ventilation system that are
unrelated to the blower and/or the filter, it is necessary to take this into account so
as to ensure the accuracy of measurements during the implementation of the present
system. Still further, if a calibrated pressure displays a different reading; it is desirable
to modify the range in small increments to balance the ventilation system 100.

As such, the blower 12 output needed to create air flow required for use in
conjunction with a clean filter 14 is first established using a conventional HVAC
blower linked to the control system 16. The change in static pressure across the
clean filter 14 is continuously measured and displayed via the graphical user interface
18 of the control system 16. This is input as the clean measured differential pressure.
As will be explained below in greater detail, as the measured differential pressure
increases as a result of the filter 14 filling with contaminants, the blower 12 output
is continuously increased in real-time based upon the measured differential pressure
so as to compensate for the increased resistance to air flow and to ensure that
adequate air flow is achieved through the building.

Prior to implementation of the present static pressure adjustment system 10,
and in conjunction with establishing the clean measured differential pressure, the
pressure difference across a clean filter 14 is measured when the blower 12 is off and
no air flow is passing through the ventilation system 100. This pressure difference

is established as the pressure offset, and is either added or subtracted



from the clean measured differential pressure determined with a clean filter 14 so
as to zero the overall ventilation system 100.

The ventilation system 100 is then turned on under the control of the
control system 16, in particular, the blower 12 is turned on, and operated in
accordance with standard usage so as to create a desired airflow. During usage, the
change in the measured differential pressure across the filter 14 is continually
measured. As the measured differential pressure across the filter 14 increases
above the clean measured differential pressure for the clean filter 14, a delta static
pressure measurement is established and continuously updated. The delta static
pressure measurement is correlated with a requirement for increased air flow from
the blower 12 to ensure continued proper air flow through the ventilation system
100, and the blower 12 of the ventilation system 100 therefore increases its output
in a predetermined manner in conjunction with the calculate increases in the delta
static pressure measurement. As those skilled in the art will appreciate, static
pressure increases with an increase in the blower speed. In fact, static pressure
increases at a rate equal to the square of the blower speed increase. As such, a
doubling of the blower speed will result in a quadrupling of the static pressure.
Considering this fact further, energy consumption increases at a rate equal to the
cube of the blower speed increase.

While the control system 16 operates automatically and continuously to
increase the output of the blower 12 in real-time, ultimate control of the control
system 16 and the parameters under which it is operating, is achieved via the
graphical user interface 18 of the control system 16. As Figure 2 shows, the
graphical user interface 18 includes inputs for the offset 26 and the clean filter
pressure 28. In addition, the graphical user interface 18 includes an input for either
turning the present adjustment mechanism on or off 30. In particular, the box
below “Add to Press. Set” is either clicked upon to show the check in which case

the present adjustment mechanism is turned on or it is clicked upon to remove the
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check in which case the present adjustment mechanism 1s turned off. Still further,
the control system 16 allows one to set a limit on the additional pressure that may
be applied so as to ensure that the blow is not overworked. This allows the
operator to establish an alarm 32 when the delta static pressure measurement, that
is, the filter pressure, reaches a specific level (at which point in time the filter 14
must be removed and replaced with a clean filter 14). Once the filter 14 is replaced
with a clean filter 14, the delta static pressure measurement should return to
approximately zero (accounting for slight differences that might exist between the
original filter 14 and the replacement filter 14). Where the replacement filter 14 is
materially different from the original filter 14, it may be desirable to repeating the
initial steps of establishing the measured differential pressure across the filter 14
and the inherent pressure difference between the input side 102 and the output
side 104 when the blower 12 is off.

While the preferred embodiments have been shown and described, it will be
understood that there is no intent to limit the invention by such disclosure, but
rather, it is intended to cover all modifications and alternate constructions falling

within the spirit and scope of the invention.
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CLAIMS:
1. A ventilation system, comprising:

an input side with a blower;

an output side;

a filter configured to be positioned between the input side and the output
side;

a control system configured to be linked to the blower for controlling the
output of the blower, the control system also including a static pressure adjustment
system, the static pressure adjustment system including:

an input static pressure sensor configured to be located adjacent
the filter on the input side and an output static pressure sensor
configured to be located adjacent the filter on the output side;

a microprocessor configured to be linked to the input static
pressure sensor and the output static pressure sensot, the
microprocessor configured to receive signals indicating the static
pressure on the input side of the filter and the static pressure on the
output side of the filter, and based upon a measurement of the static
pressure on the input side of the filter and the static pressure on the
output side of the filter, the static pressure adjustment system is
configured to determine a measured differential pressure and the static
pressure adjustment system being configured to then continuously
send a signal to increase, the output of the blower as the measured
pressure differential increases, whereas the static pressure adjustment
system is configured, as the measured differential pressure across the
filter increases above a clean measured differential pressure for a clean
filter, for a measured static pressure measurement across the filter then

to be established and continuously updated and for the measured static
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pressure measurement across the filter to be correlated with a
requirement for an increased air flow from the blower to ensure
continued proper air flow through the ventilation system, and for the
blower of the ventlation system to increase its output in a
predetermined manner in conjunction with calculated increases in the
measured static pressure measurement across the filter, wherein the
static pressure adjustment system is configured for the blower speed to
increase in relation to a square root of the increase of the measured
static pressure across the filter, and when the measured static pressure
measurement across the filter reaches a specific level the filter must be
removed, when this specific level is reached, for an alarm to be
triggered and for the alarm to act a signal that the filter must be

replaced with a clean filter.

2. The ventilation system according to claim 1, wherein the control system

includes a graphical user interface.

3. The ventilation system according to claim 2, wherein the graphical user

interface includes an input for an offset in the measured differential pressure.

4. The ventilation system according to claim 2, wherein the graphical user

interface includes an input for a measured differential pressure of a clean filter.

5. The ventilation system according to claim 2, wherein the graphical user

interface includes an input for turning the static pressure adjustment system on or

off.
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0. The ventilation system according to claim 1, wherein the static pressure

adjustment system includes an alarm.

7. A method for adjusting air flow from a blower in a ventilation system as
claimed in claim 1 to compensate for changes in static pressure across a filter,
comprising the steps of:

determining the measured differential pressure between the input side of the
ventilation system and the output side of the ventilation system;

continually measuring the measured differential pressure as the filter fills with
contaminants; and

continuously increasing output of the blower as the measured differential

pressure increases.

8. The method according to claim 7, wherein the step of determining the
measured differential pressure includes determining a measured differential pressure

between the input side and the output side with a clean filter therebetween.

9. The method according to claim 7, further including, prior to the step of
continually measuring the differential pressure, measuring a pressure difference
across the filter when the blower is off and no air flow is passing through the

ventilation system.
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